Holographic interferometry and in vitro calcification: comparing pericardial versus porcine bioprostheses.
Structural valve deterioration of bioprostheses is mainly caused by progressive calcification. It has not yet been convincingly demonstrated whether pericardial or porcine bioprostheses are more prone to calcification. A previously described in vitro test protocol consisting of non-destructive holographic interferometry, which permits quantitative deformation analysis of heart valves and accelerated dynamic calcification in vitro was used to evaluate five stented pericardial bioprostheses of different sizes and design (three or two leaflets) from one manufacturer. The extent of calcification was assessed after up to 20 x 10(6) cycles in the valve tester by microradiography, and areas of calcification were compared by holographic interferometry using computerized image processing. Calcification was confirmed by EDX-analysis and Von Kossa staining. Results were compared with in vitro testing of 25 porcine bioprostheses from different manufacturers. The tested pericardial bioprostheses had an individual distribution of mechanical stresses detectable by holographic interferometry, which resulted in different calcification of valve leaflets. A strong correlation between calcification and stress distribution was found (correspondence of affected areas: 82.3 +/- 10.1%, r = 0.97). Variability in calcification and stress distribution, respectively, of pericardial valves compared well with our findings for porcine prostheses. Overall, the extent of leaflet calcification was not statistically different for pericardial and porcine bioprostheses (p = 0.21). The biological material of bioprostheses (pericardial versus porcine) does not seem to be the crucial factor in the calcification process. Mechanical stresses detectable by holographic interferometry have a more pronounced impact and predict calcification of individual prostheses, at least in the in vitro setting.